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5.1 Introduction to tissue engineering
The past 30 years have seen increasingly rapid advances in the field of tissue engineer-
ing, an interdisciplinary field that involves biomaterials science, cell biology, cell-
material interaction, as well as surface characterization. Tissue engineering plays
an important role in the restoration, preservation of damaged tissues or whole organs,
as well as in the construction of new tissues to replace the lost tissues. Restoration or
creation of new tissues normally involves four components, which are progenitor or
stem cells, biomaterial scaffold, signaling proteins, and bioreactors. To develop a tis-
sue, usually, the stem cells are first isolated from the tissue of interest, normally
obtained from patients’ small tissue biopsy. The isolated cells are then cultured
and harvested in vitro. The isolated cells are then loaded into a three-dimensional bio-
material scaffold that has similar properties with the normal extracellular matrices
(ECMs) of the selected tissues. Subsequently, the cell-implanted scaffolds are injected
into the patient either through a needle or other minimally invasive delivery proce-
dure. The fabricated tissue can also be transplanted into a patient’s body through sur-
gery. Of all the key components, the design of biomaterial scaffold with optimum
characteristics is very crucial to ensure success in tissue engineering. Over the years,
the role of hydrogels as a biomaterial scaffold in tissue engineering has received
increased attention thanks to their desirable framework for cell growth and survival,
on top of their unique properties and resemblances with the natural extracellular
matrices (ECMs).
5.2 Overview of hydrogel
A hydrogel is referred to as three-dimensional (3D) cross-linked polymer scaffolds
that form a macromolecular network capable of maintaining high water content.
The hydrogel can be prepared from natural polymers such as collagen, gelatine, algi-
nate, hyaluronic acid, and chitosan [1], as well as from synthetic materials such as
polyethylene glycol (PEG) [2, 3], polyacrylamide (PAA) [4–6], polydimethylsiloxane
(PDMS). Hydrogels can either be formed through physical or chemical cross-linking
methods. To mimic the ECM and regenerate new tissue, the design of hydrogel must
adhere to several criteria. For instance, a hydrogel scaffold should contain 3D
Polysaccharide-Based Nanocomposites for Gene Delivery and Tissue Engineering
https://doi.org/10.1016/B978-0-12-821230-1.00006-2
Copyright © 2021 Elsevier Inc. All rights reserved.
